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FOREWORD 

This report was prepared by the Astronuclear Laboratory of t he  
Westinghouse ELectric Corporation under Contract NAS 3-2542. 
is administered under the  direction of t he  Nuclear Power Technology Branch 
of t he  National Aeronautics and Space Administration with 
acting as Technical Manager. 

This work 

P. E. korhead 

This work is being administered a t  the  Astronuclear Laboratory by 
R. T. Begley, with R. W. kclapan s e r v h g  as principal investigator. Other 
Westinghouse Astronuclear Laboratory personnel contributing are D. Stoner, 
R. L. Ammon, G. G. Lessmum, and J. Lo Godshall. 
performed during t he  period December 20, 1963 t o  March 19, 1964. 

This report covers t he  work 
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I. INTRODUCTION 

This is the  th i rd  quarterly report under Contract NAS 3-2542 
covering a c t i v i t i e s  from December 20, 1963 t o  March 19, 1964* 
of t h i s  program is the development of a dispersion strengthened tantalum base 
a l l o y  fo r  use in  the 2400 t o  3000"Fteqerature range of advanced space power 
systems. 
with l imited substi tution and/or additions of R e  and No, Zr, and N f o r  the 
tungsten, hafnium, and carbon respectively, 

The objective 

The allays are being developed primarily from the  Ta-W-Hf-C system 

A t o t a l  of twenty-nine 800 gram non-consumably melted compositions 
a t  the  tantalum r ich end of the Ta-W-Hf-C system have been prepared and 
processed t o  sheet. Substitutional alloy additions ranged from 6 a/o W + H f  
t o  16 a/o W + Hf with carbon additions i n  the  range of O,26 t o  3.0 a/o (0,OZ 
t o  0.2 w/o), 

Fabricabili ty and weldability were affected by t h e  t o t a l  solute 
addition, t o t a l  carbon addition, and the  r a t i o  of the  reactive ( H f )  metal 
addition t o  the  carbon addition, 
dispersed phase hardening a t  elevated temperatures since strength increases 
observed in short time t ens i l e  properties and increased resistance t o  creep 
deformation could only be at t r ibuted t o  dispersed phase strengthening. The 
creep tests w e r e  conducted i n  ultra-high vacuum 
creep data f o r  tantalum base alloys tested under similar conditions permits 
only l imited caenparison of properties. 

molybdenum and rhaniUm, zirconium, and nitrogen f o r  the  tungsten, hafnium, 
and carbon respectively were melted, upset forged, and processed t o  0.04 inch 
thick sheet. The substi tutional solute additions were res t r ic ted  t o  a t o t a l  of 
9 a/oo 
in recrystal l izat ion temperature by as much as 4 0 0 ° C  and improvements in hot 
hardness by as much as  10 t o  20% by minor substi tutions of rhenium, molybdenum, 
and zirconium f o r  the tungsten and hafnium. 

The carbon addition was effective in promoting 

Torr). Paucity of published 

A series of compositions Kith substitution and/or additions of 

Hot hardness measurements and recrystal l izat ion studies show an increase 

S i x  casapositions melted as two-inch diameter ingots were processed 
t o  0.04 inch thick sheet. 
extrusion t o  sheet bar using a Hodel1220C Dynapak unit, 
behavior, metallography, and room temperature mechanical properties were 
determined. 
containing a t o t a l  of 12 w/o V + Hf resul ts  in a pronounced increase i n  the TIG 
weld bend t rans i t ion  temperature. 

Ingot breakdawn was accomplished by upset forgfng or 
Recrystallization 

The addition of 500 ppm carbon t o  T - l l l  (Ta-8W-2Hf) and compositions 

1 
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11. PROGRAM STATUS 

A. MECHANICAL PROPERTY EVALUATION EQUZPHENT 

Mechanical properties are being evaluated using room and elevated 
temperature hardness m e a s u r e m a t s ,  short time tensile tests, bend duct i l i ty  
determination, and creep tests. 
m e a s u r e m e n t s  are being u t i l i zed  t o  define effects  resul t ing fram gross com- 
posit ional variations, and f o r  following metallurgical changes result ing 
from the  various theal-mechanical treatments. Compositions exhibiting 
severe degradation of bend ductility as a result of w e l d i n g  are not being 
considered f o r  detailed mechanical property evaluation. 
cr i ter ion f o r  strength d u a t i o n  is the  resistance t o  creep deformation. 
One hundred hour creep tests are being used t o  se lec t  compositions a b i t i n g  
the best creep characterist ics.  

Hardness and short time t ens i l e  property 

The primary 

1. Hot Hardness 

Hardness measurements at elevated temperatures are made a t  pressures 
below 5 x 10-5 Torr in the  apparatus shown i n  Figure 1. The operation of the  
hot hardness e@pntent ia described by Begley, et  ala1 Sheet specimens, 0.040 
inch thick, are riveted t o  a molybdenum mount using unalloyed tantalum o r  
T-lll wire, 
the  hardness detarrminatian. 

The test surface is metallographically prepared pr ior  t o  making 

2. TensileTests 

T e n s i l e  t es t ing  is carried out according t o  the  procedures recommended 
by the  MAB. 
in/in per minute through the  0.6% offset  yield strength and a t  0.05 win per 
minute u n t i l  f racture  occurs. 
is used f o r  t he  elevated temperature tests. A detailed outline of specifica- 
t ions f o r  t ens i l e  tes t ing including t e s t  specimen configurations is l i s t e d  i n  
Appendix I. 

Room temperature tests are conducted a t  a strain r a t e  of 0,005 

A constant s t r a in  rate of 0.05 win per minute 

3. Creep Testise; 

!he system used f o r  creep testing are shown in F’igure 2 and embody 
essen tw  the  same features as described by H a l l 2  except that the  internal 
load capacity is greater. 
furnace and powem supply, t he  loading train, and the  opt ical  strain m e a s u r i n g  
device. 

Hajor components of t he  system a r e  the  vacuum system, 

The vacuum system consists of a stainless s t e e l  bell jar chamber, a 
feed through sump, the  weight chamber, and a 400 l/s sput ter  ion pump. 
sorption pumps, shown in Figure 3, are used t o  reduce the  system pressure from 

Cryogenic 

2 



FIGURE 1 - Hot Hardness Test Equipment 
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FIGURE 2 - Ultra-High Vacuuii Creep Laboratory 
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FIGUX?3 3 - Cryogenic Sorption Roughing Punp Attached 
t o  Vacuum System 

5 

e 

/ 



stronuclear 

atmospheric t o  less than 5 microns. 
t i on  after the  system is Poughed t o  5 micpons OP less. 
i so la tes  t h e  e w e r  from the roughing system, 
base pressure of the  system is less than 5 x 10-10 Torr. 
cycle f o r  t he  system is shown i n  Table 1. 
filament nude ionization gage located in the  feed through s q .  

The sput ter  ion pump is  put in to  opera- 
A bakeable valve 

After baking a t  250°C, t he  
A typical  pump down 

Pressure is measured using a hot 

H e a t  is applied t o  the  test specimen by radiation from a tantalum 
Tantalum radiation 

Power t o  the  heating element is  controlled by a saturable reactor. 

resistance elanent 1-3/4 inch diameter x 6 inches long. 
shields and a water cooled copper cold w a l l  assembly surround the  heating 
element. 
Temperature is monitored and controlled by Pt-PtURh thermocouples resistance 
welded to 1.5 mil Ta f o i l  which is affixed t o  the  gage length of t h e  test 
specimen, 
temperature gradient of less than 1°F was measured along t he  one inch gage 
length a t  2400°F using thermocouples. 

The creep tes t  specimen configuPation is shown i n  Appendix I. A 

Creep deformation is determined by measuring the  separation of 
f iduc ia l  lines applied t o  the  ends of the spechen gage length. The strain 
measuring instrument f o r  determining the  linear dimensional change is s h m  
i n  Figure 4. 
Dimensional changes of O.oooO5 inches can be measured with the  instrument. 

The instrument was procured from the  Gaertner Scient i f ic  Company. 

B. STARTINGMATERIAL 

One hundred pounds of unalloyedtantalum was purchased f o r  a l l o y  
base f o r  t h e  m e l t i n g  of the  balance of the two inch diameter consumable elec- 
trode melted ingots. 
p la te  and w i l l  be reduced t o  the  required s t a r t i ng  s i z e  by rolling. 
completes procurement of a l l  the  s ta r t ing  material required f o r  this contract 
effor t .  

The tantalum was purchased in the  form of l/4 inch thick 
This 

1. Melting: 

Twenty-three additional compositions were melted bringing the  t o t a l  
The l is t  of compositions melted during 
Compositions NAS 34-49 were  selected 

number of 800 gram ingots m e l t e d  t o  45. 
t h i s  report period is given i n  Table 2, 
t o  investigate the  effects of the  addition and/or substi tution of molybdenum 
and/or rhenium, zirconium, and nitrogen f o r  tungsten, hafnium, and carbon 
Pespectively, 
in selection of these compositions. 
base l ine  f o r  this series of compositions because duct i le  TIG welds w e r e  
produced in sheet at  the  9 a/o W + Hf level with carbon additions as high as 
0.035 w/o. 

A statistical design of one-quarter replication was u t i l i zed  
A t o t a l  of 9 a/o W + Hf was chosen f o r  t he  

6 
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The technique used f o r  non-consumable electrode m e l t i n g  of the  800 
gram ingots was described in the  second quarterly report3 and the  procedure was 
used without any fur ther  modifications. The rhenium, molybdenum, and zirconium 
additions w e r e  added as 0,010-0.020 inch thick sheet. Nitrogen additions t o  
heats NAS 34-49 were made with a tantalum-nitrogen master alloy. The master 
al loy was prepared by m e l t i n g  100 gram buttons of unalloyed tantalum under a 
partial pressure of nitrogen. 
m i l l i n g  and classif ied by screening t o  obtain a pa r t i c l e  s i z e  within the  range 
of -60 t o  +200 mesh. 
and t h e  y ie ld  of useable powder was  approximately 600 grams. 
samples taken a t  random from the  powder product gave an average nitrogen 
content of 0.89 w/o. 
nitrogen master a l loy  powder was  added t o  t he  melting charge i n  tantalum f o i l  
envelopes i n  a manner similar t o  t h a t  used f o r  t h e  TaC addition. Recovery of 
t he  i n t e r s t i t i a l  additions was excellent. 
analysis on as-melted button compositions are given i n  Table 3. The excellent 
recovery of t he  i n t e r s t i t i a l  addition verified the  high r e l i a b i l i t y  of t he  
melting technique being used. 

The as-melted buttons w e r e  crushed by bal l  

A t o t a l  of 1200 grams of nitrogen master a l l o y  was melted 

The range f o r  t he  six analyses was  0.86 t o  0.91 w/o. 

Analysis of six 

The 

Results of carbon and nitrogen 

The non-homogeneous as-cast microstructure observed on the  as-cast 
buttons which was discussed in t he  second quarterly report3 was eliminated by 
a high temperature homogenization anneal. 
(363OoF), 2200OC (3990°F), and 2 @ O o C  (4350°F) were performed on as-cast samples 
taken from heat NAS-4 (Ta-u(.6W-1.8Hf-O.l2C). The as-cast microstructure was  
eliminated after one hour a t  2400°C (4350°F) and was more than 95% eliminated 
after one hour at 2200OC (3990OF). 
a t  2300°C (43.70°F) was selected as t he  homogenizing treatment f o r  a l l  t he  al loys,  
The effects  of the  homogenizing treatment on NAS-4 a re  shown i n  Figure 5. 
was deemed necessary t o  eliminate the  microstructural inhomogeneity existing in 
t he  as-cast button because t h i s  variation was evident in the  final sheet. The 
amount of work done on the  button i n g o t  during processing t o  sheet was in- 
sufficient t o  completely e l m a t e  the  constitutional segregation initially 
present in t h e  surface layers. 

One hour treatments a t  2OOo"C 

Based upon t h i s  evaluation a one hour anneal 

It 

A summary of metallographic observations on the  button ingots melted 
during t h i s  period is l is ted in  Table 4. 
a f fec ts  t he  morphology of the  dispersed phase as i l l u s t r a t ed  in t he  photomicro- 
graphs shown i n  Figure 6 .  
a hypostoichiometric C/Hf r a t i o  and a platelet  type second phase a t  a stoiehio- 
metric C/Hf r a t i o  was  observed i n  alloys containing 4.6W + 1,5Hf solute additions. 
A similar behavior was a lso  observed on cornpositions containing 9 a/o W + H f .  

The carbon-hafnium r a t i o  apparently 

The tendency f o r  a fine dispersed second phase at  

As-cast microstructures of compositions NAS-39 and NAS-42 are s h m  
in Figure 7. 
of NAS-39 i s  essent ia l ly  single phase and tha t  of NAS-42 shows evidence of 
some second phase in the  as-cast condition. The so lubi l i ty  of nitrogen i n  

Both of t h e s e  compositions contain nitrogen. The microstructure 

10 



TABLE 3 - Carbon and Nitrogen Analysis of Non-Consumable 
Electrode Melted 800 Gram Ingots 

Heat No. 

NAS-14 

NAS-34 

NAS-3 5 

NAS-36 

NAS-37 

NAS-38 

NAS-39 

NAS-4.0 

NAS-42 

Carbon and/or 
Nitrogen Additioi 

( d o  1 
C N 

--- 
0.04 

0.02 

0.02 

0.01 

0.02 

0.04 

a.01 

0.08 

Analyzed Carbon and Nitrogen (w/o) 

:ast 
N 

After 1 Hr. Anneal 
a t  2300OC 

C 
;W70°F) 

N 

--- 
0.018 

0.013 

0.012 

0.012 

0.012 

0.015 

-- 
0 e 026 
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FIGURE 5 - Photomicrograph of NAS-4 (Ta-14.6W-1.8Hf -0.12C) 
(a) 
Annealing for One Hour a t  2300OC (Electrolyt ic  Etch) 
150X 

In t h e  As-Cast Condition, and (b) After 

12 



a a  
2 1  

I 
4 

2 

u\ 3 3  

I s I 
I I I 
I i D 

a, 
2 
rE 

Gl a 
a, 

cn 

+ O m  3 3 3 c u  
0 0 

13 



4 a n 
d 

rl 

c a m 

b 

C% 
Q r i  
P d  

0 

4 n a 
d 

ri 

c n m 

d 
8 

3 
F 

co cv d a 0 m m 8 cr\ 2 m 0 3 m 

u 

0 
2 

k 
N 
9 cu 
4' 

9'3 

8 
8 

F? 
ai9 



4 

X Z  
d d  

9) 

c 
c4 
9) 

2 

1 v1 

I I 
I I I 

(v 9 
lA m 3 

stronuclear 

15 



stronuclear 

(a) C/Hf = 0.5 

(b) C/Hf = 1.0 

(c) C/Hf = 1.5 

FIGURE 6 - Photomicrographs of a Ta-4.6\?-1.5Hf Composition With (a) 
0.05 w/o Carbon, (b) 0.10 w/o Carbon, and (c) 0.15 w/o 
Carbon, After Annealing As-Cast Buttons for One Hour at 
2300°C (Electrolytic Etch) 150X 

16 



(a ) NAS-39 (7.1W-l.56~e-0.25Hf -0.13Zr-O .04N) 

(b) NAS-42 (5.3W-0.65Mo-1.56Re-0.52Zr-0.08N) 

FIGURE 7 - As-Cast Microstructures of Re-Mo-Zr-N Modified 
Compositions (HN03-NHbF.HF Etch) lOOX 
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tantalum is approximately 50 times greater at  1 8 0 0 O C  than that of carbon.4 

The homogenizing treatment used f o r  the  button ingots was not 
amendable t o  the  nitrogen containing buttons. Although the  nitrogen was not 
l o s t  during the m e l t i n g  operation, a significant amount of nitrogen was l o s t  
during the  homogenization anneal. 
containing up t o  0.04 w/o nitrogen in the as-melted condition analyzed 0.015 
w/o after t h e  homogenization treatment. 
w/o nitrogen analyzed 0.026 w/o after the homogenization treatment. 
homogenization anneal was discontinued f o r  compositions t o  which intentional 
nitrogen additions had been made. 
loss of carbon occurred during t h e  homogenization anneal. 

The data i n  Table 3 show that compositions 

NAS-42 which had an addition of 0.08 
The 

The data i n  Table 3 a l so  indicate a s l igh t  

The decarburization f molybdenum a t  temperatures of 2 0 0 0 ° C  (3630OF) 
in vacuum has been reported,5, 8 and decarburization of tantalum would a l so  be 
axpected t o  occur a t  elevated temperatures i n  vacuum. 
piece of sheet of NASV-4 (Ta-~~2.75Hf-o.382r-O.OSC) was heated for one hour 
a t  24.00°C (4350°F) and 10-5 Torr. 
foil and one sample was exposed bare. 
mately 20% of the  carbon was  l o s t  during the  heat treatment. 
shown belaw i n  Table 5. 

A 0.040 inch thick 

One sample was wrapped i n  the  tantalum 
Carbon analysis shared tha t  approxi- 

The results are 

TABLE 5 - Carbon Analysis on 0.040 Inch Sheet After Heating 
for One Hour at 2400°C (4350°F) and 10-5 Torr 

Condition 

As-Rolled 

Wrapped with Ta F o i l  
Annealed 1 Hour a t  2koo°C 

Bare, Annealed 1 Hour at 2400OC 

0.056 

0 039 

0.ou  

The non-consumable melted ingots were coated wi th  an oxidation resis- 
Heats NAS-27- tant coat ing  of A l S i  using t he  procedure described previously.3 

33 and NAS-36, -37, and -38 were heated f o r  forging i n  a globar furnace. 
coated buttons were placed on a s ta in less  steel pad and heated t o  temperature i n  an 
argon purged re tor t .  

The 

The forging was done on the  Dynapak Model1220-C. It 

~ 
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appeared t h a t  the surface of the button ingot in contact with the  s ta inless  s t e e l  
had reacted since during the forging operation numerous defects opened on 
t h i s  surface. 
the  specimens being supported on a mlybcienum pedestal. 
was maintained during the  heating cycle. 
somewhat, but did not eliminate it completely. 

Subsequently, a l l  buttons were heated in an induction furnace, 

This a l leviated the  surface problean 
An argon atmosphere 

The results of the forging of button ingots NAS-27 through 49 a r e  
summarized in Table 6. 
of compositions containing 6 a/o W + H f  is shown in Figure 8. 
hyperstoichiometric C/Hf ra t io ,  forgeability was generally f a i r  t o  poor. 
This i s  not surprising since massive grain boundary carbide phase observed 
metallographically would be expected t o  seriously impair fabricabili ty.  

The effect  of the carbon addition on the  forgeabili ty 
A t  the  

The as-forged buttons were conditioned by surface grinding, pickled, 
and any remsining defects were removed by hand grinding. 
buttons were then annealed f o r  one hour a t  1650°C atLlO-5 Torr pr ior  t o  ro l l ing  
t o  sheet. 

The conditioned 

3. Secondary Working 

The as-forged, conditioned, and annealed sheet bar was rol led t o  
The rolling results are  in Table 7. H e a t s  NAS 27 

Compositions having a C/Hf 
0.060 inch thick eheet. 
through 33 were rolled a t  ambient temperature. 
r a t i o  of stoichiometric and hypostoichiometric generally rolled sa t i s fac tor i ly  
with minor or no edge cracking. The compositions having a hyperstoichiometric 
C/Hf r a t i o  experienced moderate t o  severe cracking during rolling and the  
yield of sheet was poor. 
sheet obtained on heats NAS 27, 28, and 29 which again shows the  effect  of 
the  carbon addition on fabricabi l i ty .  

Figure 9 i s  a graphic i l l u s t r a t ion  of the 0.06 inch 

The balance of conditioned sheet bars were given the initial break- 
down ro l l ing  a t  500°C (930OF) and finished from approximately 0 , l  inch t o  0.06 
a t  ambient temperature. 
of t h e  cracking problems caused by poor shape of the  conditioned sheet bar 
and a l so  compositions which had marginal cold rolling properties. 
rolling t o  0.06 inch thick, samples were removed fo r  determination of the one 
hour recrystal l izat ion temperature; the sheet was edge trimmed, cleaned, and 
annealed one hour a t  1700°C (3090OF) atklO-5 Torr. 
43) w e r e  cold rolled from 0.06 t o  0.04 inch thick sheet sat isfactor i ly .  All 
w e l d i n g  and mechanical property determinations were made on 0.04 inch thick 
sheet. 

The init ial  warm breakdown r o l l i n g  alleviated some 

After 

All compositions (NAS 27- 

4. Recrystallization 

The one hour recrystall ization temperature was determined for 
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compositions that were sa t i s fac tor i ly  rolled t o  0.06 inch thick sheet. 
Recrystallization was followed by means of metallographic examination and 
hardness m e a s u r e m e n t s .  The resu l t s  are summarized i n  Table 8. Although 
the  processing schedule was essentially similar f o r  a l l  compositions, minor 
variations, necessitated t o  produce maXirrmm yield of useable material, permits 
only qual i ta t ive comparisons concerning the effects  of t he  alloy additions. 
Increasing t h e  W + Eif content from 6 a/o t o  9 a/o raised the  temperature 
a t  which equiaxed grains began t o  form by approximately 2 0 0 ° C  (360°F). An 
additional increase i n  the  solute content t o  12  a/o W + H f  did not cause a 
corresponding increase i n  t h i s  t q e r a t u r e .  
retard the  onset of recrystall ization, but t h e  effectiveness of the carbon 
addition appears related t o  the amount of hafnium present. 

Carbon additions appeared t o  

The hardness minima observed in compositions containing 9 and 
12 a/o W + H f  occurred pr ior  t o  the  complete formation of equiaxed grains. The 
increase in room temperature hardness observed a f t e r  heating above 1 4 0 0 ° C  
(2550OF) i s  at t r ibuted t o  resolutioning of t he  dispersed carbide phase. Grain 
coarsening m s  observed a f t e r  heating fo r  one hour a t  1 8 0 0 O C  (3270OF) and 
above f o r  compositions containing 9 and 12 a/o W + H f .  

The substi tution and/or additions of the  Mo, Re, Zr, and N t o  the 
9 a/o W + H f  compositions had a significant effect  on the recrystal l izat ion 
temperature. N U - 4 2  exhibited a wrought microstructure after being heated 
f o r  one hour a t  1 6 0 0 O C .  
recrystal l izat ion temperature as determined by metallographic exmination. 
A very f i n e  dispersed second phase was observed i n  the  wrought NAS-42 which 
disappeared as equiaxed p a i n s  were forming. The cooling rate from 1700°C 
(3090OF) and above was apparently fast enough t o  suppress precipitation. 

This is a 300-400°C (540-720OF) increase i n  the  

Figure 10 is a plot of room temperature hardness versus the one 
hour annealing temperature f o r  selected compositions. The shapes of the  
various curves cannot a l l  be explained at t h i s  time, but the  subtle effects  
of the  Ho, Re,  Z r ,  and N additions on the hardness and recrystall ization 
behavior of the  9 a/o W + H f  compositions are evident. 

5. Weldability 

The duct i le-br i t t le  bend t ransi t ion temperature of as-welded 
specimens is the  cr i ter ion for  evaluating the  effects  of compositionsal 
variations on ueldabili ty.  
fabrication of re l iab le  sheet and tubing components f o r  space power applica- 
tions. 
electron beam (EB) welding techniques were used. 
were prepared by butt  welding suitably prepared 1/2 inch wide x 5 inches long 
s t r i p s  clamped i n  a s ta inless  s t e e l  f ixture with copper bar clamps. 

Ductile weld joints  are a prime requis i te  f o r  

Tungsten electrode welding in an inert gas atmosphere (TIC) and 
TIG welded bend specimens 

The 
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welding conditions were standardized and used f o r  a l l  compositions and are 
l i s ted  in Table 9 .  

TABLE 9 - TIG Welding Parameters 

Welding Current 100 amps 
Weldlng Speed 
A P C  Gap 0.06 inches 
Jaw Spacing 3/8 inch 
Electrode Diameter 3/32 inch 

15  inches per minute 

The welding chamber f o r  TIG welding w a s  evacuated t o  10-5 Torr and backfilled 
with helium. The oxygen and moisture content in the  weld chamber was contin- 
uously monitored during welding. 
water vapor was nominally 1 ppm during welding, 

Cbrygenwas nominally lees than 5 ppm and 

El3 welding was  done in  the  2 K.W. Zeiss Electron Beamwelder Shawn 

The weld bead was  made on l/2 inch wide x 1ength.x 0.040 inch thick 
Data f o r  

i n  Figure ll. 
f o r  these welds. 
w e l d i n g .  
s t r i p .  
t he  EB welds are l i s t e d  i n  Table 10, 

Bead-an-sheet welds with 100% penetration we e the  requirements 
The weld chamber was evacuated t o  5 x 10 2 Torr before 

A l l  w e l d s  were made on material b the  as-rolled condition. 

Bend specimens were prepared with the  weld bead transverse t o  the  
bend ads. 
with the  top of the  weld bend the  tension s ide during testing. Other fixed 
test parameters were a punch radius ef 0.071 inch (-2t), 1 inch per minuts 
ram speed, and a span width of 1 5 t  (0.6 inches). 
testing is shown i n  Pigwe 12. 
contact with the  specimen i s  used f o r  controlling the  selected t e s t  temperature, 
Temperatures below room temperature a re  obtained with a l iqu id  nitrogen cryo- 
stat and above room temperature with a hot a i r  blower. The ductile-br%ttle 
bend t rans i t ion  temperature is  defined as t h e  lowest temperature a t  which a 
full  90" bend ( a f t e r  springback) can be made without any failure. The ductile- 
b r i t t l e  t rans i t ion  temperature was normally determbed within 25-5OoF, but lack 
of material f o r  some compositions did not allow t h i s  d o s e  a definit ion of 
the  t rans i t ion  temperature for  a l l  the t e s t s  which are summarized i n  Table U. 

The bend specimens were 0.040 inches thick x 12% wide x 24t long, 

The equipment used f o r  bend 
A thermocouple attached t o  the  ram and .in 

The ini t ia l  series of EB welds were made using a welding speed of 
50 ipm. 
sufficiently discriminatory as evidenced by the f a c t  tha t  the  t rans i t ion  

However, a t  t h i s  welding speed, the  bend tes t  results were not 
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FIGURE ll - 2KCJ-Zeiss Electron Beam Welder 
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TABLE 10 - Zlectron Bean Welding Data 

H e a t  
No. 

fiJAS-6 
NAS -7 
XAS-6 
ICAS-8 
NAS -20 
NAS-20 (b) 
NAS -24 
NAS-2l 
NAS-22 
NAS-23 
NAS-13 
NAS-14 
KAS-16 

____--- 

NAS-18 (b 
KAS-1 
NAS-27 
NAS-28 
NAS-29 
NAS-30 
N S - 3 1  
NAS-32 
NAS-33 
Ius-34 
NhS-36 (b) 
NAS-37 
KAS-3 8 
NAS-4.l 
NAS-43 

I 

--- 
--- 
--- 
7.6 
6.0 

12.0 
7.5 
8.5 
9.0 

5.0 
4.0 
5.0 
4.0 

10.0 
4.8 
4.8 
4.8 
4.4 
4.4 
4.4 
1.6 
2- 5 
4.0 
5.0 
5.0 
2.5 
2.5 

--- 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

-I__ 

Electron Current 
(milliamps ) - 

6.25 
6.25 
6.25 
5-40 
5-40 
6.25 
6.25 
6.25 
6.25 
6.25 
5-40 
5.40 
5-40 
5-40 
5-40 
5.80 
5-80 
5-80 
5.80 
5-80 
5.80 
6.00 
6.00 
5-40 
5.40 
5.40 
6.00 
6.00 

(a) 

(b) Incomplete Penetration 

0.025" Transverse Deflection of Beam 

bielding Speed(a 
inches per m u t e )  

50 
50 
50 
25 
25 
50 
50 
50 
50 
50 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
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FIGURE 12 - Bend Test Equipment 

34 



TABLE ll - Ductile-Brittle Transition Temperature for 
TIG and EB Welded Specimens Tested in Bending 

Heat 
No. 

NAS-6 
NAS-7 
NAS-8 
NAS-20 
NAS-24 
NAS-21 
NAS-22 
NAS-23 

NAS-13 
NAS-llt 
NAS-16 
NAS-18 

NAS-1 

NAS-27 
NAS-28 
NAS-29 
NAS-30 
NAS-31 
NAS-32 
NAS-33 

NAS-34 

NAS-36 

NAS-37 

NAS-38 
NAS-41 

NAS-43 

NAS-39 

Composition 
( d o  1 

8. m-1. OHM. 035c 
8.2W-1.OHf-0. 070C 
8.m-1. OHf -0 lOOC 
8.5W-0.7Hf-O.045C 
8.%-0.7Hf-0. 070C 

8.6W-0.53Hf -0.03 5C 
8.6W-0.53Hf -0.020C 

8.61rl-O. 53Hf-0.050C 

U.OW-1.33Hf-i).045C 
II. OW-l.33Hf -0 -0% 
11.3tJ-O. 92Hf -0.06C 
ll. W-0.70Hf-O. 05C 

14.6W-1.8Hf 

4-6W-1.5Hf-O.05C 
4.6W-1.5Hf-O.lOC 
4.6W-1.5Hf-0.15C 
4.1W-2.0Hf -0 -067~ 
4.1W-2.0Hf-O.134C 
3.1kT-3 OHf -0.102C 
3.l!d-3 OHf -0.204C 

7.0W-0.25Hf-0.85Mo-0.13Zr 

5.711J-0. 25Hf -1.56Re-0. 
-0.13Zr-0.017C-0.02N 
5.7W-l.56Re-0.7Mo-0.26Zr 

7.1W-1.56Re-O.26zr-0.02Ii 
8.7W-0.25Hf-O.13Zr-0.017C 

5.31-1.56Re-O.65&10-0.5Hf 
- 0 . 2 6 ~ ~ 0 .  om 
7.1W-0. 25Hf -1.56Re-0.13Zr 
- 0 . O U  

-0.04N 

-0.008C-O.01N 

-0.02N 

TIG Welded 
- .  

EB Welded 
25 ipm 50 ipm 

+300 
R.T. 

+500 
+350 
+550 
0 

+1?5 

c -320 
-175 
R.T. 
-320 
R.T. 
-25 

7 +500 

-50 

-275 

R.T. 

-225 
-100 

+200 

--- 

-250 

-100 
-200 
-150 

L -320 
-250 
-250 

-- 
-- 
--- 

* Temperature for full 90" bend without failure 
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temperature was only  increased approximately 170°F when the carbon content 
was increased from 0.02 w/o t o  0.10 w/o f o r  compositions containing 9 a/o 
W + Hf.  
comparable t o  those obtained on the TIG welded specimens. The duct i le-br i t t le  
t rans i t ion  temperature f o r  TIG welded specimens was extremely sensi t ive t o  
the  carbon content. 
ture as affected by the carbon content for a base composition of 9 a/o W + Hf. 
The pronounced effect  of welding speed on bend duc t i l i t y  is strongly indicative 
of a carbide precipitation effect .  

EB welds were made at  25 ipm and the  EB bend t e s t  results were more 

Figure 13 is a plot  of the weld bend t rans i t ion  tempera- 

Metallographic ammination showed that the  heat affected zone was 
single phase f o r  NAS-6 and NAS-22 (0.035C) and HAS-20 (0.045C) and contained 
a precipi ta te  on NAS-7 (0.07C) and NAS-8 (0.1OC). 
carbon so lubi l i ty  i n  tantalum as  reported by Pochon e t  . a l y o f  0.02 a/o a t  
2800°C may be too low. 
ment with t h a t  reported by Storms8 of approximately 0.5 a/o carbon a t  2902OC 
(5256OF) 

This s ests tha t  the 

The value reported by Pochon et .a l .  is i n  disagree- 

Hardness traverses of a series of  the  TIG welded specimens a re  
shown i n  the  plot  in Figure l4. 
hardness i n  the  heat affected zone is at t r ibutable  t o  the carbon retained in 
solution during the  rapid quench occurring during cooUng a f t e r  welding. 

The shape of the plots  indicates that the  high 

Another interest ing result is t h a t  t he  weld bend t rans i t ion  of TIG 
w e l d s  is apparently affected by the  C/Hf ratio.  NAS-6 ( C / H f  = 0.5) is weld 
duct i le  at  -%OF while NAS-22 (C/Hf = 1.0) has a duct i le-br i t t le  t rans i t ion  
temperature above +300°F. Both compositions have a carbon content of 0.035 
w/o. This same behavior, however, was not observed in the EB welded specimens. 

6. Mechanical Properties 

a. Hot Hardness: Elevated temperature hardness measurements 
a r e  summarized i n  Table 12. 
thick material in the  as-rolled condition. Hot hardness measurements a re  
extremely useful in establishing trends and f o r  screening quickly a large 
number of a l loy  compositions. 
tensile strength although no insight a s  t o  f racture  characterist ics can be 
deduced solely from the hardness data. 
ness retained at  the elevated temperature is indicative of the  deterioration 
of the mechanism(s) responsible f o r  the  strength levels  obtained at  the  lower 
temperature. 
hardening is not a very effective strengthening mechanism f o r  the al loy com- 
positions tested.  
comparable t o  t h e  hardness a b i t e d  by T - l l l  a t  room temperature. 

Hardness measurements were made on 0.040 inch 

The hardness value is a l so  indicative of t he  

The fraction of room temperature hard- 

Hardness data at  l l O O ° C  (2010OF) and higher indicate that s t r a i n  

NAS-36 with a hardness of 217 DPH a t  l l O O ° C  (2010OF) is 

b. Tensile Tests: Tensile data were obtained a t  room and a t  
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temperature and a re  summarized i n  Table 13. 
t ens i l e  data were  obtained on compositions which exhibited good w e l d  bend 
ductility,, The tensile properties of NAS-6 and NAS-2l a t  W 0 F  are both 
comparable t o  the t ens i l e  strength of T-222 a t  2@OoF whfch is reported9 as 
58,800 p s i  ultimate with a 38,100 p s i  yield strexrgth. The t ens i l e  strength 
of NAS-6 and NAS-21 a t  2400°F is due primarily t o  dispersed phase strengthen- 
ing. NAS-6 and NAS-21 contain 9 a/o W + H f  while T-222 contains a t o t a l  of 
12  a/o w + ~ f .  

The more detafled elevated 

Significant room temperature strength increases were obtained a t  
the  9 a/o substi tutional solute level  for  the  Hop Re, Zr, and modified 
compositions (NAS 36, 38, 39, and 42), 
and additions and/or substitutions t o  the Ta-W-Hf-C system a re  being investi- 
gated i n  some de ta i l  and are producing some interesting effects.  

Interactions of the  Mo, Z r ,  Re ,  

7* Creep Results 

Creep results obtained at  Torr a r e  in Table 14. The init ial  
test  on NAS-7 was conducted on material in the  as-worked condition, The 
final cold reduction of 33% on the solution annealed material was primarily 
f o r  the purpose of increasing the  dislocation density t o  furnish nucleating 
sites f o r  precipitation during creep testing, However, the test  t q e r a t u r e  
was  in the  recrystall ization range, thereby causing accelerated creep. This 
behavior has been observed by other investigators and is  described by Perryman.lo 
Subsequently a l l  specimens were annealed one hour a t  1650°C (3000°F) prior  
t o  testing. 
exhibited good creep properties a t  1316°C (2400°F) and 15,000 p s i  exhibiting 
a t o t a l  strain of 1.35% i n  172 hours. 
columbium base alloys (FS-85) tested under comparable pressure conditions 
exhibited 3.35% elongation after 300 hours a t  1316"~ (240OoF) and a s t r e s s  
l eve l  of 4,000 psi.  

long time creep data with which reasonable comparisons can be made 
most creep data in columbium and tantalum base alloys have been obtained in o i l  
diffusion pumped systems, usually a t  pressures of 
is  probable tha t  contamination of the test specimen may have occurred, 

The decrease in  creep rate for  NAS-7 was significant,  NAS-6 

One of the best commercially available 

NAS-6 at 1316°C (2400°F) is  ap rcoxbately 3.5 times 
stronger in creep. The creep data obtained by H a l l  3 are  the only  published 

To date 

Torr or higher and it 

NAS-8 in the  as-worked condition, tes ted in an of1  dfffusflon 
pumped systam equipped with a l iquid nitrogen cold t rap  t o  re tard backstreaming 
of diffusion pump oil, elongated a t o t a l  of 3.3% a t  1 3 1 6 O C  (240O0F) under a 
stress of 15,000 p s i  f o r  133 hours after which the stress was incrpeased t o  
16,500 and the  test  continued f o r  an additional U, hours, 
in the  recrystall ized condition, tes ted i n  ultra-high vacuum of 
1316°C (2400°F) and a stress l eve l  of 16,500 p s i  elongated ll,l% i n  66-9 hours 
and had entered the  th i rd  stage of creep 19 hours after application of the  load. 

The same composition 
Torr a t  
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De TWO INCH DIAMETER INCOTS 

The button study phase of the  alloy development propam which was 
described in the  previous section c l l t e s  in the  selection of the  most 
promfshg button a l loy  compositions f o r  melting as two inch diameter con- 
sumable electrode double vacuum arc melted ingots. Melting of the  i n i t i a l  
series of two inch diameter ing~ts  was discussed in the  previous quarterly 
r e p o d  

1. Chemical Analyses 

Samples removed from the top and bottom portions of the  conditioned 
ingots were analyzed f o r  substi tutional additions and intersti t ial  additions 
and impurities. Results of the  analyses are given in Table 15, 
preparation of the  first m e l t  electrodes, the hafnium addition f o r  NASV-2 
was interchanged with that f o r  the  NASV-4 first m e l t  electrode. 
final compositions of these two ingots were s l i gh t ly  altered, 
composition for  MASV-2 and 8W-2 0Hf-O 05C and f o r  NASV-4, 8W-2 6Hf -0 .,37Zr 
and OeO5C0 

During 

Thus, the 
The final 

Recovery of t he  metallic alloying additions uas excellent. Carbon 
recovery was  essentially 100$, 
since the  technique f o r  makfng the  carbon addition has been proven very 
effectiveen 
from the close agreement of the  top and bottom analyses. 
contents i n  the  as-cast ingot were both Pow. 

No access carbon was added t o  the  electrode 

The excellent homogeneity of t he  as-melted ingots i s  evident 
axygen and nitrogen 

2. Metallography of As-Cast m o t s  

Metallographic samples were taken from the top portion of each 
ingot. Representative as-cast mierastructures a re  shown fn Figure 15. The 
compositions which had the  0,05 a/o carbon addition (NASV-2, 4, and 5 )  
exhibited similar as-cast microstructures, which consisted of grain boundary 
carbides plus a Widmanstatten type carbide precipitate.  
t o  0,lO a/o (NASV-3 and -6) resulted i n  a continuous grain boundary carbide 
phase plus c lusters  of eutectic carbide. 

Increasing the  carbon 

A series of one hour anneals at 1 8 0 0 - ~ O O ° C  (3270-4350°F) were per- 
formed on as-cast samples t o  ascex%ain the changes in carbide morphology and 
also t o  estimate the  approximate carbon solubi l i ty  in the  Ta-W-Hf matrix. 
The samples were helium quenched from the annealing temperature, 
microstructures retained the  dispersed carbide phase indicating that the cooling 
rate from the  annealing temperature was too slow t o  suppress precipitation 
duping quenching or tha t  t he  21!+00~C (&350°P) annealing temperatwe was not 
high enough t o  al low complete solution of the carbon, 

A l l  resulting 

The available Ta-C phase 
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(a) Ta-8W-2Hf 
( NASV-1) 

(c ) Ta-Bw-3.5Hf -0.1Oc 
(NASV-3 ) 

FIGURE 1 5  - Microstructure of As-Cast Ingots (Electrolytic Etch) 400X 
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diagrams7r8 indicate tha t  the alloys will be two phase a t  the highest annealing 
temperature investigated, 2400°C (4350OF). 

After one hour a t  l&oo°C (3270°F), the  Widmansthten precipi ta te  in 
the  compositions containing 0.05 a/o carbon tended t o  spheroidize. 
0.1 a/o carbon compositions, the eutectic carbide was redistributed i n  a 
fine Widmanst&.ten type precipitate. 
morphology of the grain boundary carbides. 
the  Widmanstatten precipi ta te  in the 0.05 a/o carbon compositions had 
reprecipitated along sub-boundaries. 
formed i n  the  0.1 a/o carbon containing composition a f t e r  one hour a t  2 2 0 0 O C  
(3990OF). 
morphology of the  grain boundary carbide phase. 

In the  

L i t t l e  o r  no change occurred i n  the 
After one hour a t  2 X x ) O C  (3990°F), 

A continuous sub-boundary carbide was 

Again there did not appear t o  be any significant change in the 

Although significant changes in carbide morphology were caused by 
the  thermal treatments, annealing d id  not resu l t  in elimination of continuous 
carbide networks. 
on material in the as-cast condition. 

Therefore, primary breakdown was scheduled t o  be accomplished 

3. Primary Working 

Three-quarter inch thick slices f romthe  top of each composition had 

of a l l  six h g o t  composftions was described in the  previous 
been s i l i c i d e  coated and upset forged 50% on the  Dynapake 
upset forgeabi l i t  
quarterly report.5 The top and bottom faces of the upset slabs were la the  
conditioned and the  edges w e r e  ground. 

The axcellant 

Additional data on t h e  upset forged slabs are mntafned in Table 
16. Metallographic samples w e r e  taken from each slab. During abrasive 
cutting of NBSV-3, a crack propagated i n  from the  outer edge after the  cut 
had been 50% complete. 
(NASV-3, and -6) was discontinued u n t i l  after they had been annealed. 
annealing, metallographic samples were taken from these two compositions 
without diff icul ty .  
composition) contained a globular precipitate i n  the grain boundaries which 
is presumed t o  be HfOz.  
phase microstructure and no evidence of a second phase was  detected. 

Further cutting on the  slabs containing the  0.10 w/oC 
After 

The as-forged microstructure of NASV-1 ( T - l l l  base line 

The sheet produced from NASV-1 had a clean single  

The remainder of the as-cast ingot was scheduled f o r  extrusion t o  
sheet bar using the high energy rate (Dynapak) extrusion. The as-machined 
b i l l e t s  were gr i t  blasted and then a 0,005-0.010 inch thick coating of un- 
alloyed molybdenum was applied t o  the b i l l e t  by plasma spraying. 

Heating of the coated k i l l e t s  t o  the extrusion temperature of 1800OC 
(3272OF) was by induction. A n  argon atmosphere was maintained around the  
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b i l l e t  during heating. 
die.  

Extrusion was through a zirconia costed sheet bar 
The t o t a l  reduction by extrusion was nominally 4:l .  

NASV-1, the  T - l l l  base l i n e  composition extruded sat isfactor i ly .  
However, t he  addition of carbon t o  the base composition apparently degraded 
the  extrudabili ty characterist ics under the par t icular  conditions used. 
extrusion of NASV-5, premature f i r ing  of the ram resulted in an incomplete 
extrusion. 
when the  ram moved forward. 
extrusion was recovered and the  balance of t he  b i l l e t  was upset between the  
ram and anvil .  

During 

The axtrusion b i l l e t  had not completely entered the  container 
A s  a consequence approximately two inches of 

Data pertinent t o  the  extrusions are l i s t e d  i n  Table 17. 

Examination of samples taken from the  f a i l ed  extrusions indicated 
tha t  poor extrudability may have been caused by the  continuous grain boundary 
carbide phase. The microstructure of the as-extruded NASV-4 and NASV-6 was 
duplex, consisting of as-worked areas and areas where recrystall ization had 
occurred. Since extrudability of the  Ta-W-Hf matrix by high energy r a t e  
technique apparently was adversely affected by the  carbon addition, primary 
breakdown by extrusion was  discontinued. 
NASV-3 were  sectioned in to  th i rds  and upset forged. 
sa t i s fac tor i ly .  

The remaining two ingots NASV-2 and 
A l l  pieces upset forged 

4. Secondary Workinq 

The forged and annealed slabs were rolled t o  0.06 inch thick sheet. 
Rolling r e su l t s  are i n  Table 18. 
rolled a t  room temperature. 
ro l l i ng  characterist ics.  
After 66.5% reduction, edge cracking ini t ia ted.  
sheet was conditioned, stress-relieved one hour a t  1 4 0 0 ° C  (2550°F), and 
rolling t o  0.06 inch thick sheet a t  500°C (930°F) continued. 
with an evacuated stainless steel can and i n i t i a l  breakdown rol l ing was done 
a t  1 X x ) O C  (2190OF). 
t o  severe edge cracks had developed during ini t ia l  breakdown. 
thick sheet was  conditioned, stress-relieved one hour a t  1400°C (2550°F) and 
rol l ing t o  0.06 inches was done a t  500°C (930°F). Examples of the as-rolled 
0.06 inch thick sheet a r e  shown in Figure 16. 

Compositions NASV-1, -2, -4, and -5 were 
NASV-3 and NASV-6 exhibited poor room temperature 

NASV-3 required warm roiling a t  500aC (330°F). 
Rolling was stopped, the  

NASV-6 was clad 

After a 60% reduction, the can was removed. Moderate 
The 0.150 inch 

The 0.06 inch sheet was annealed one hour a t  1700°C (3090°F) and 
final ro l l ing  t o  0.04 inches was done a t  room temperature. 

5. Recrystallization 

The one hour recrystallizationtamperature w a s  determined on the  
0.06 inch sheet rol led from upset forged ingot tops. The results of the  one 
hour exposure a t  temperature on microstructure and room temperature hardness 
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FIGURE 16 - As-Rolled Sheet Produced from Heats NASV-1,2,4, and 5 



are l i s t e d  in Table 19. 
quenched from the  anneal- temperature fi helium, 
previously, it was doubtful tha t  the solvus was exceeded a t  the highest 
annealing temperature used and thus the  carbon containing compositions were 
two phase a t  the  annealing temperature. 
addition of W + H f  t o  the  base l f i e  T-ill (NASV-1) compositions caused an 
increase in the  recrystall ization temperature of approximately 1QO-200°C 

Specimens were heated in vacuum (4.10-5 Torr) and 
However, as  was discussed 

Both the  addition of carbon and the  

(180-360 OF) 0 

6. Weldability 

TIG and EB welded specimens were prepared from aa-rolled 0.04 inch 
Specimens w e r e  prepared and tested in bending t o  determine the 

Bend test 
The base line T - l l l  composition (NASY-1) was 

The 

thick sheet. 
effects  of w e l d i n g  an the  ducti le-brit t le t ransi t ion temperature, 
results are shown in Table 20, 
duct i le  a t  l iqu id  nitrogen temperature over the  nominal 2 t  bend sadiua. 
addition of 500 ppm carbon t o  the  T - l l l  composition (NASB-2) raised the: 
temperature f o r  a f u l l  90" bend of the TIG w e l d s  to +50Q°F, and t o  room 
temperature f o r  the EB welded material. 
close t o  90" bends at  room temperature over lo& before cracking, and the 
cracks were confined t o  the  weld m e t a l  mea. 
bend duc t i l i t y  with respect t o  T - I l l  can be ascribed t o  the  metallurgical 
changes observed in the  weld m e t a l  and heat affected zone. 
zone of NASV-2, -4, and -5 were single phase, 
zone, heat affected zone, and base metal are  shown in Figure 1 T 0  
behavior w a s  noted and discussed on similar compositions welded n d e r  the  
button study phase, 
affected and fusion zone is evident in the haxhess traverses shwn i~ Pigwe 
18. 
in the matrix during w e l d i n g  and i ts  retention in t he  Lattice during coolingo 

However, both NASV-2 and -4 a b i t e d  

The degradation of the as-welded 

The heat affected 
Photomicrographs of the fusion 

T h i s  same 

The d r e m e l y  high hardness of t h i s  single phase heat 

The high hardness values are evidently a resu l t  of a solution of carbon 

As-welded NASV-5 was aged for one how a t  1300°C (2370°F) and P@O°C 

There was some improvement in duct i l i ty  as in the  as-welded condition, 
(2550°F). 
radius. 
f racture  occurred after bending through an angle of 10-15" while the  aged 
specimens were bent approximately 50-70" before fa f lure  occurred, 
studies are in progress t o  determine whether o r  not post-weld thermal treat- 
ments w i l l  signif icant ly  change the  ducti le-brit t le temperature of the welded 
specimens 

However, both fai led i n  bending a t  room temps-atwe over a bzt bend 

Aging 

The room temperature minimum bend radius was determined on the TIG 
welded specimens and is 305t  for NASV-2 and 4t for NASV-1,. 
over 4t a t  room temperature and failure occurred after bending through an angle 
of 16". 

NASV-5 was b r i t t l e  
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TABLE 19 - Summary of Microstructure and Room Temperature 
Hardness After One Hour Anneals 

NASV-1 

NASV-2 

NASV-3 

NASV-4 

NASV-5 

*q-- Compos it ion 

8W-2Hf ( T - l l l )  

8W-2Hf-O.05C 

8W-3.5OHf-O. 1OC 

8W-2.68Hf-O.37Zr 
-0.05C 

9.6~3.15Hf -0.05C 

211 
R 

276 

"C Annealing Temperature, - "F 

214 206 
R R 

271 269 

337 1283 1 213 
w IRB IR 

I 
i 

375 I334 1 262 
R 

Ii I w  I 
R 

--- I332 296 w I ItJ w 
405 i 3 4 5  268 

l R  295 I --- 
R 

R 

302 
R 

290 
R 

' R  

308 
R 

297 296 1 307 

(a) Rolled 85% prior t o  annealing. 

292 

W - Wrought 
RB - Formation of equiaxed grainsL50;% complete 
RP - Formation of equiaxed grains250g complete 
R - Formation of equiaxed grains795P complete 

423 
14 

362 281 
W RP 
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Composition 
(Heat No.) 

Ta-8W-2Hf 
(NASV-1) 

Ta-8W-2Hf-0 . 05C 
(HASV-2) 

Ta-8W-2 68Hf 
-0.37Zr-0.05C 
(NhSV-4) 

Ta-9.6W-3 . l5Hf 
-0.05C 
(NASV-5 

Reanarks : 

TABLE 20 - TIG Weld Bend Test Results 

T e s t  
Temperature 

(OF) 

R.T. 
-320 

R.T. 
R.T. 
R.T. 
+200 
+m 
+500 
-200 

R.T. 
R.T. 
R.T. 
+m 
+@ 
+m 

R.T. 
R.T. 
R.T. 

+200 
+m 
+500 

Bend 
Factor 

xt 

1.8 
1.8 

1.8 
4.0 
3.5 
1.8 
1.8 
1.8 
4- 0 

1.8 
3.5 
4.0 
1.8 
1.8 
1.8 

1.8 
3.5 
4.0 
1.8 
1.8 
1.8 

Unloaded 
Bend Angle 

("1 

92 
98 

91 
89 
90 
86 
92 
91 
25 

90 
79 
94 
70 
92 
90 

46 
16 
16 
10 
10 
20 

Remarks 

Ductile 
Ductile 

Crack in weld metal 
Ductile 
Ductile 
Crack i n  w e l d  metal 
Crack in weld metal 
Ductile 
Crack i n  weld metal 

Crack in weld metal 
Crack in weld metal 
Ductile 
Crack in weld metal 
Crack i n  w e l d  metal 
Crack i n  weld metal 

Crack in weld metal 
Crack i n  weld metal 
Crack in weld metal. 
Crack in weld m e t a l  
Crack in weld m e t a l  
Crack in weld m e t a l  

Specimen s ize  - l 2 t  wide x 2& long x 0.04 inches thick 

Punch radiua - 0.071 inches 

Ram speed - 1 inch per minute 
Welding atmosphere - Argon with less than 5 ppm 02 

S p a  width - 15 t  (0.6 inch-) 

Bend radius - -2t 
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(a) Fusion and H e a t  
Affected Zone, NASV-5 

(b )  Fusion and H e a t  
Affected Zone, NASV-2 

, 

(c)  Base Metal, NASV-2 

FIGURE 17 - Microstructures of sv- (Ta-9.6W-3.15Hf-O.OSC) 
and NASV-2 (Ta-8W-2Hf-O.05C) (Electrolytic Etch) 
l50X 

55 



460 

5 
v) 
v) 
w 
Z 2 380 

1 

300 

260 

220 

I I I I I I I I I I I I 
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AFFECTED 

ZONE I I I 

0 0 0 0 

0 NASV-1 (Ta-8.0 W-2.0Hf) 

0 NASV-2 (Ta- 8.OW-2.0Hf-O.05C) 
A NASV-4 (To-8.0”-2.68 Hf-0.37 Zr- 

)( NASV-5 (To-9.6 W-3.15 Hf-0.05 C) 

0 
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0 0.02 0.06 0.10 0.14 0.18 0.22 

DISTANCE FROM WELD BEAD CENTERLINE, INCHES 596945A 

FIGURE 18 - Hardness Traverse of As-Welded Samples. 
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7. Base Metal Mechanical Properties 

The room temperature tens i le  properties of the 0.04 inch thick 
sheet i n  t h e  as-worked condition and af te r  annealing f o r  one hour a t  1650°C 
(3000OF) a r e  summarized i n  Table 21. Increasbg the carbon and/or tungsten 
and hafnium content of t he  T - l l l  composition produced significant increases 
i n  strength with l i t t l e  decrease in tensi le  elongation. 
properties of NASV-1 are comparable t o  the room temperature properties of 
T - l l l  as reported by -on and Begley.9 

The room temperature 

Fabricabili ty a lso was not impaired by the carbon additions as 
the  bend t ransi t ion temperature of the base metal, a f t e r  annealing f o r  one 
hour a t  1650°C (3000°F), was below l iquid nitrogen temperature. 
was exhibited by material tested with the axis of rol l ing para l le l  and per- 
pendicular t o  the bend axis. 
bent through an angle of 180" over 0-.5t without fa i lure ,  with the rol l ing 
direction para l le l  or  perpendicular t o  the bend axis. 

This behavior 

A t  room temperature the  annealed sheet could be 

Short time stress-rupture properties were determined on NASV-3, 
and NASV-5 t o  determine i f  the  carbon addition which increased low temperature 
properties was an effective strengthener a t  elevated temperature. The stress- 
rupture data are i n  Table 22. 
(2400'F) a f t e r  annealing f o r  one hour a t  1650°C (3000°F) was essentially 
the  same as reported for  T-222 (Ta-9 6W-2 1JIf-O 0 1 C  ) e 9 
NASV-3 f o r  one hour a t  2 2 0 O O C  (3990°F) increased the stress-rupture l i f e  a t  
1 3 1 6 O C  (2400OF) and 40,OOO p s i  by a factor of 3. 
emphasized t h a t  the  long time creep behavior is  the c r i t i c a l  property under 
study and t h a t  large increases in short t h e  preprtfes, i.e. 1(! hcurs, wL2.l 
not necessarily result in a l i k e  improvement of creep properties since the  
deformation mechanisms are considerably different. 

Stress-rupture of NASV-3 and NASV-5 a t  1316°C 

However , annealing 

However, it should be 

Creep property determinations under ultra-high vacuum conditions 
NASV-1, the T - l l l  base line composition, exhibited a have been in i t ia ted .  

t o t a l  of 2.63% strain i n  73 hours a t  1 3 1 6 O C  (2400OF) under an applied stress 
of l4,OlO psi.  The hundred hour creep properties of the sheet from the two 
inch diameter ingot compositions are being obtained a t  three stress levels.  
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stronuclear 

111. FUTURE WORK 

It is anticipated that a l l  melting and fabrication t o  sheet stock 
w i l l  be completed during the next quarterly period. An additional f i ve  t o  
six compositions w i l l  be selected based on data obtained from the 800 gram 
non-consumably melted ingots and w i l l  be melted as  two inch diameter ingots 
and processed t o  0.04 inch thick sheet. H e a t  treatment, hot hardness, and 
weldability studies will be largely completed for all the alloys. 
testing will continue a t  a high level of effort. 

Creep 
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1. 

TEST SPECIFICATION 

Tensfle Tests Elevated Temperature (2000-350O0F) 

a. Temperature measurement and verefication, and s t r a in  r a t e  shall 
coaform t o  the  requirements of MAE Report 1924, Paragraphs 1.7.2, 
1.9*1, 1.9,2, and 1.9.3, 

b. In addition t o  the  requirement of la, the  following conditions 
w i l l  be m e t  f o r  the  elevated temperature tensile tes t s :  

1. Pressure in the  test chamber Kfll not exceed 1 x 10-5 Torr 
during the testo 

2. The cold leak r a t e  of the test chamber sha l l  not exceed a 
pressure rise r a t e  of 0,3 micronslminute. 

3. A U q a d  nitrogen cooled trap sha l l  be used between the 
diffusion pump and test chamber t o  retard backstreaming of 
diffusion pump oflo 

4. Pre-test procedure w i l l  include the following: 

a. Dimensional measurements 

b. Specimen cleaning 

lo 

2, 

3. Hot d i s t i l l ed  water, rinse. 

40 

5. Hot d i s t i l l ed  water, rfise. 

6. Ethyl alcohol, rinse. 

Degrease with acetone o r  other sui table  solvent. 

Scrub with soap and/or alkaline cleaner. 

Acid d i p  - 5% HY+ - 2% Hf, balance water, R.T, 

70 DpYo 

co 

d. 

Wrap ( t igh t )  gage length of t e s t  specimen with Ta foil. 

Attach thermocouple(s) t o  wrapped gage lengtho 

1-1 



e. Protect thermocouple hot  junction from direct  radiant 
heating from furnace with additional layer of loosely 
wrapped Ta foil. 

5 .  Elevated tensf le  t e s t  specimen per FfguPe 1-1, 

2. Room Temperature Tensile Tests 

a. Requirements of (1) t o  apply uhere applicable except s t rah r a t e  
shall be 0,005 inches/inch through 0.6% offset  yield strength and 
0.05 inches/inch until fracture occurso 

b. T e s t  specimen configuration per Figure 1-2. 

3. Creep Tests 

a. Requirements of (1) t o  apply where applicable except pressure of 
test chamber s h a l l  be maintained at  lo4 Torr, 

b. T e s t  specimen conffguration per Figure 1-3. 
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